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A reproducible and sensitive assay for melanotropic 
agents is described employing mouse melanoma cells in 
culture and measuring tyrosinase activity in terms of 
production of triti'ated water from L-(ring-3,5-3H)-tyro-
sine. Molar concentrations of peptides inducing one-half 
maximal stimulation oftyrosinase activity were: P-MSH, 
1 ± 2 x lO- !l; a-MSH and Ph-LPH, 1 ± 2 x 10-8 ; ACTHp , 1 
± 2 x 10-7 • P p 9-IH_MSH and melanotropin potentiating 
factor, P HHB-f!l_LPH exhibited no activity at concentrations 
as high as lO-oM. 
The in vitro frog skin assay for melanotropic activity [1] has 
provided a quantitative basis for isolating naturally occurring 
melanotropins (for a brief review see reference 2) and human 
corticotropin [3], for determining relationships between molec-
ular structure and biologic activity [2] and for evaluating other 
factors and conditions affecting the melanotropic response [2]. 
In add ition, the frog skin assay was a necessary factor in 
demonstrating hypothalamic control over pituitary release of 
melanotropin [4). Although a melanization response following 
administration of melanotropic peptides has been demonstrated 
for mammals [5] including man [6], a quantitative and sensitive 
assay for mammalian response has not been described. The 
molecular biology of endocrine control of pigmentation is of 
wide a nd growing interest; the assay described in this paper 
should be of some value in that regard. 
A quantitative measurement of tyrosinase, (oxoreductase EG 
1.14.18.1) the key enzyme in melanin synthesis was described 
by Pomerantz [7], based on ti)e enzymatic production of triti-
ated water from L-(ring-3, 5-3H)-tyrosine. Wong and Pawelek 
[8] utilized this technique to demonstrate that melanization of 
cultured Cloudman 891 mouse melanoma cells, upon exposure 
to a -melanotropin, is directly associated with tyrosinase acti-
vation. These cell culture studies are now applied in a mam-
malian melanotropic assay of improved sensitivity and conven-
ience for the comparison of biological activities of a- and (3,,-
melanotropin, P,,-H-IB-melanotropin, porcine corticotropin, p,,-
lipotropin and for the evaluation of melanotropin potentiating 
factor [9]. It is expected that the assay described below will be 
of some value for studying the conditions and agents affecting 
mammalian melanization and for providing an experimental 
~tandard for validation of binding studies and of proposed 
melanization mechanisms. 
EXPERIMENTAL PROCEDURES 
The cell line used for these studies, PSI-HGPRT-l, is a clonal 
derivative of the Cloudman S91 melanoma line described earlier 
(10). An important feature of the line for these.studies is that 
it shows a several-fold increase in tyrosinase activity upon 
exposure to mela notropins or other agents which .increase in-
tracellular levels of cyclic AMP. Culture conditions have been 
described [9). Cells, 3 X 10', were inoculated into Corning 35 
mm tissue culture dishes in 1.5 ml Hams FlO culture medium 
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containing 10% horse serum and 2% fetal calf serum. After 4-6 
hr at 35.5° in a gassed, humidified incubator, the medium was 
decanted and replaced with fresh "reaction medium" supple-
mented with isobutylmethylxanthine (MIX, 5 X 10-" M, an 
inhibitor of 3'-5' cyclic nucleotide phosphodiesterase), L-(ring-
3,5-"H)-tyrosine (New England Nuclear, final concentration 1 
/lCi/mI, 90 mCi/mM, previously dried under a stream of nitro-
gen to remove traces of 3H 20), and the melanotropin to be 
tested in various concentrations. Stock solutions of the melan-
otropins were prepared by dissolving peptide (10- '1 M) in culture 
medium and ftltering through Acrodiscs (Gelman 0.2 micron 
pore size). Following the addition of peptide, the cells were 
incubated an additional 40 hr. Tritiated water was then mea-
sured by mixing 0.5 mI of medium from each culture dish with 
1 ml activated charcoal (10% w/v in 0.1 M citric acid), centri-
fuging (2,000 g, 10 min) and counting the supernatant in a liquid 
scintillation counter. A blank contained "reaction medium" 
incubated in the absence of cells; a control contained "reaction 
medium" incubated with cells in the absence of peptide. Cells 
were counted in a Coulter Counter and results are reported as 
cpm/ 105 cells/48 hr. Dose-response curves were constructed by 
plott ing cpm/10° cells/48 hI' versus log molar concentration of 
peptide tested. Each point is the average of triplicate parallel 
incubations. The peptide concentration inducing half maximal 
increases in cpm was chosen as the point of reference for 
comparison of relative biological activities. 
Melanotropins and corticotropin were prepared from porcine 
pituitary extracts [11]. 
RESULTS AND DISCUSSION 
Results of typical experiments are illustrated in the Figure. 
Linear portions of the dose-response curve extend over a con-
centration range of 2 orders of magnitude. The slopes of the 
curves for the various pep tides tested were found to be equal. 
Concentrations of pep tides resulting in 1/2 maximal stimulation 
of tritiated water production are as follows: {3p-M8H, 1 ± 2 X 
10- 9 M; a-M8H and ,B,,-LPH, 1 ± 2 X 10- 8 M; ACTH p ,1 ± 2 X 
10- 7 M. Racemized and native {3p-MSH exhibited identical po-
tencies. Note that although the point of 1/2 maximal stimula-
tion by ,B-MSH clearly clustered around 10- 9 M, there was 
almost a 3-fold concentration range of this point in 11 separate 
experiments (Figure). However, in individual experiments, the 
relative potency of other peptides to {3-MSH remained the 
same. Thus a standard dose-response curve for ,B-MSH must 
be included in each experiment and points of 1/2 maximal 
stimulation of peptides should be reported relative to that of 
{3p-MSH, i.e., {3p-M8H, 1.0; a-MSH and {3h-LPH, 0.1 and 
ACTH p , 0.01. In the frog skin assay a- and ,B-MSH are essen-
tially equipotent on a molar basis, with corticotropin about 1 % 
that of the melanotropins [2], while ,B,,-LPH is approximately 
equipotent with ACTH on a molar basis [12]. 
The relatively high potency of {3s-LPH in Anolis skin assays 
has been attributed to the melanotropin potentiating sequence 
Lys-Lys-Gly-Glu, i.e., {3.88-l)l_LPH [9]. However, over a range of 
10- 10 to 10- " M, the tetrapeptide had no detectable effect on the 
level of melanotropic response of cells submaximally stimulated 
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Tritiated water production, i.e., tyrosinase activity as a function of 
log molar concentration of melanotropic peptides. See text for details. 
The insert illustra tes distribu tion in 11 consecut ive assays of concen-
trations of /J-MSH resul ting in 1/2 maximal stimulation of tyrosinase 
activity . 
presence a nd absence of MIX, itself capable of potentiating 
cellular response to MSH approximately 50-fold in the presence 
of MSH. In a nolis skins, the same tetrapeptide exhibits detect-
able melanotropin potentiating activity at concentrations as 
low as 10- 11 M . The MSH-enhancing activity of MIX is con-
sistent with evidence that melanotropins increase tyrosinase 
activity through an increase in cyclic AMP levels. Note that 
under the experimental conditions employed, MIX alone did 
not increase tyrosinase activity. 
The decapeptide ,B,,!)-'8-MSH was chosen for study because it 
lacks methionine and as such was considered a promising 
substrate for radioiodination. However, over a range of 1O- 1ll to 
10- 0 M it exhibited no detectable melanotropin activity. 
The above experiments describe a practical and reproducible 
mammalian assay for melanotropic activity. The assay is less 
sensit ive bu t more specific than that based on amphibia n or 
liza rd skin substrates and should provide a useful tool for 
quantitative studies of mammalian melanization. 
Continuing studies have produced improvements on the as-
say. For example, experiments can be scaled down with the use 
of Costar multiwell plates and inoculation of as few as 5,000 
cells/well. A sparse inoculum of cells mimizes cell-cell interac-
tion a nd increases stimulation by MSH. Clones of melanoma 
cells can be isolated which exhibit different absolute levels of 
stimulation by the same peptides, even though the relative 
dose-responses remain the same. In some highly-responsive 
lines, exposure of the cells to "H-tyrosine can be reduced to as 
lit tle as 5 hI', minimizing any radiation damage to the cells. In 
an effort to fmther improve the specificity of the assay, we are 
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investigating t he use of defined rather t han serum-containing 
cul ture medium, and t he use of cells synchronized in the G2 
phase of t heir cycle (13). 
Addendum: At the time of submission of t his paper for 
publication, a similar study was announced in the form of a 
symposium report [14]. The relative activities of 0: - and ,B-MSH 
were r eversed; however, cell line and conditions of assay were 
different. 
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